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DESCRIPTIONS 

BARIUM I'lTANATE AND ELECTRONIC PARTS USING THE MATERIAL 

Cross Reference to Related Application 
This application is an application filed under 35 
U.S*C. Slll(a) claiming benefit, pursuant to 35 U.S.C. 
§119(e) ( 1 ) , of the filing date of the Provisional 
Applics^tion NO* 60/437,315 filed on January 2, 2003/ 
pursuant to 35 U*S.C. §11 1(b). - 

Technical Field ^ 

The present invention relates to bariuiu titanate 
eMpr6ySd in', tot e3tam^ dielectric, materl^^ jmuTtir 
layer ceramic capractt<^^ and piezbelectiric thateriais> 
and^t6"a%prpc<e&^ foi^ prb<aucirhg^ .and 
liiore; particular to a barium titanate containing no. 
ihl^er^^^ to a process fbr producing the 

barXum titanate * 
Background Ait 
,Ba:;eiuiii^ -^^^^^ 

■^riC^tion^i.ri^^ diea^ectr4^o 
mate.rial-s, inulti^layier c 

':piezpelectrci^ size 
and ^ig^ weiglitr v^^^e- be^ 

wi#h-^i$r l5^ deveibpmeht of a 

:p2pe%&sv ipdE to^taiiate haviiig smaller 

; p-^rfi:C If ; :5vi;zM: iLTid €!xh^i|;ir^ ^xceil.l^nt i^i^itritc . . 
characliiBristiGsi^ s^Sii^^s a Kicfh dieieqttic cohstant- 
^DeSect-free bariAim^ produced through a 

solid^phase proc^^ss is known to have a high dielectric 
consl^aht ^but , S0^^ reduce the ^iartic;^^^ 

s ize ' bf ^ '^siic^ %:itan^te~ to a: desired" level ^have 

f^ii^dv, Bi^ri a small -paarticie siise 

which is produced tft^ w4t synthesis process 

contains d:^fedts, and thus the dielectric c.ohstant of 
such barixnn titanate cannot be increased satisfactorily. 



Examples of processes for producing barium titanate 
particles include a solid-phase process in which- powders 
of an oxide and a carbonate, serving as raw materials, 
are mixed in, for example, a ball mill, and the resultant 
mixture is allowed to react at a temperature as high as 
about 800 ^'C or higher, to thereby produce a product; an 
oxalate process in which an oxalic acid complex salt is 
prepared, and the complex salt is thermally decomposed, 
to thereby produce barium titanate particles; an alkoxide 
process in which a. metal alkoxide serving as a raw 
material is subjected to hydrolysis, to thereby yield a 
precursor J a hydrothea^al syri^^ process in which a 

raw material is allowed to react in an aqueous solvent at 
high temperature and high pressure > to thereby yieid a 
prectirspr; process in which a prbduct Obtained through 
hydrolysis of a titanitim cpmpduhd iis reaGted. w^ 
water-soluble barium salt in a strong alkaline aqueous 
solution (Japanese Patent No. 1841875); a process in 
which a titanium dioxide sol is reacted with a barium 
cibirippuiid in aii alKal^^ (Pamphlet of 

Xhterhatiotial^ Publication: 60/35811 ) ; a process 

in whieli a tita^aii\M d^^^ is reacted with a barium 

compound in a hermetic ve&stel (JTapaiiese^ 
Appli^eation-Laid^^ 7-291607) ; arid a 

process in which^ a raw material^ haying* ah interns titial 
hydroxyl group content of 1 "wt,% or less is firfed under 
appropriate^Ly^^^m^ firming conditions/ thereby 

re<auqin^ the- inter sH^iti^ fcyciroxyl group 0-1 
wt»% (Japanese Patent Application Laid-Open (kokai) No. 
11-273986). 

Although the^ solid-phase process attains production 
of def ect^f riB(3' barium ;titanate pairticles at low 
production ei^ist; b^giiim tifilSi&t^ 

through the process have a larg^ particle . size/ and the 
particles are unsuitable for use as a functional material 
such as a dielectric material or a piezoelectric 
material. 
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The oxalate process enables production of particles 
having a particle size smaller than that of particles 
produced through the solid-phase process. However, 
particles prodyced thtough the oxalate- process contain 
5 carbonate groups derived from oxalic acid. The particles 
also contain hydroxyl groups priglnating from water 
incorporated into the inside thereof* Although these 
hydroxyl groupis can be removed by heating, voids are 
known to be provided inside the particles during heating 

10 (ProGeedings of 15t^ Autumn Syraposium^ o^^^ The Ceramic'*" 
Society of thetefdre, tEe okail^te 

process cannot produce toarium titattate escfei 
e3cc611ent eleci;ri^ 

TJi& aikoxide- p^^ synthjesis 

15 pvdff^s^ eh^ible: pt^pdu bariu^^ a . 

very small particle size* Hb^ev^^^ 

b4|riuin tltahate contains a 1 ar ge amount pf^ hydroxyl 
groups originating frbm water. Although these hydroxyl 
grmp|s; can^v^ voids arie foj^ 

20 ~ih^..;part idles during heating. Therefore, the barium 

•^■H:4tfiui^e^^^^^ 'V 

\ - As the ^hydrbth^ synthesis proc^ is carried put 

requires- exclusive -equi£)ment andy thus , the production 

.. ^;■'^■e"9sS;''1lnGr - ' ■ .' --y-^'--, •,•-7..^: r. 

''^-0iie-^^^^^ 

1841875, Pamphlet of Ititerriatiorial WO 
30 00/^5811, and O^p^ Applicati<>n La:id-'Operi 

(koHai) No. 7-^2dl\667 . require a wasliing^^^^^&^^ During the 
■ iiS:|hing;' .^lu^ion.;^ of •■ ^ararum^^M -di ' . , 

. / " •hfdz^yir.g^ 

th^s# hydro vbe re^ h^atiiig> ' VbldJs 

35 -aire fSpfiivie^d ins id^ the particles during heating. 

^tfter^^^^ titariate fails to exhibit exqellent 

electric characteristics . In the -.process disclosed in 
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Japanese Patent Application Laid-open (kokai) No. 7- 
291607, reaction is performed in - a -hermetic vessel- with* 
heating while the reaction mixture is stirred with a 
pulverization medium. Thus, the process requires 
5 exclusive equipment and^ thus, the production cost 
increases r which is problematic, 

Japanese Patent Application Laid-Open (kokai) No, 
11-273986 proposes a process for decreasing interstitial 
hydroxy 1. groups. However, the process reduces the amount ^ 

10 of originally present interstitial hydroxyl groups, Stid 
the hydroxyl grbiip content can be reduced only to about 
0.1 wt.%. tlius, the process is unsatisfactory from the 
viewpoint of an increase in dielectric constant, 

tfie presenV iiivWtion con^ of a 

15 barium titanate having a small particle :&ize, containing 
imall amounts of unwanted ^im^^ ahd exhit>iting 

excellent electric characteristics , which can be employed 
for forming a dielectric ceramic thin film required for a 
small-^si2:e4 qapacit^r which enables production of a 

20 $*iftall-^Mz^d ele^^^ and an electirpnic part 

using Sfee B^^^ 

5umma,ry' of ^th^ Invention- - , . . . ... . 

ar r^esuit o^ aimed at 

- 2-5 ::splying trhe -afpre^ the piteseht; 

inventors- have found tMt a t-itanlum dioxide sol is 

j^eaGte^^^^ with a barium ^ c in an alkaline solution 

qani^axnxn^^ tesi^ic cc^ basic compound^ is 

removed in the form of gas after completion of reaction^ 
30 and the resultant reaction mixture is fired, there can be 
produced barium - t>it?Lnate having a small particle size and 
no- defects r which cannot be prodiicea thrpugh a . 
conventiohal pr pre gent ih vent ion 

has been aqcpmplished on the basis of this finding. 
35 ^ Acddrdingly, the present invention provides the 

following, 

(1) A barium \titanate, which is single crystal in 



the_ f orm of particles, said particles comprising 

particles without a void having a diameter of^' 1 nm or 

more in an amount of 20% or more by number of the total 
particles, 

(2) The barium titanate according to (1) above, 
wherein said particles comprises particles without a void 
having a diameter of 1 nm or more in an amount of 50% or 
more by number of the total particles • 

(3) The barium titanate according to (1) above, 
wherein said particles comprises particles without a'^oid 
having a diameter of 1 nm or more in an amount of 80% or 
more by number of the total particles v 

(4) The barium titanate according to any one pf (1) 

- (3) above, wherein the particles have- a BgT: specific 
surface area of 0.1 m^/g bi: more^ 

( 5 ) ihe barium ti4ian^ t:o %jiy ^<^^ of {1) 

- (4) above, wherein no abrupt peak is defected at around 
SSOOcm'^ by infrared spectrum ahaly^ particles 
after heat treatment thereof at 700 ^C* 

( 6 ) The barium titanate accprcling to iny one of ( 1 ) 
V (5) above/ coihpjrj^ one element sei^ 

from the group epftsistin^ of sn, Zr, Ca; iSr,- Pb, Hb, Nd, 
y, Lm^, C^,. Mg,:-^i,; Ni, JVl, pU: Zn^y^^^ 1^ 

and Dy,, said at least one element being in an amount of 
less thanks mol% "tO mol* inctu^iyeX ^ #h:^ ^ajasis - of the 
. entirety of BaTibj*' 

(7) The barxAim titanate according to any one of ( 1 ) 
(6) above > whxch i^^^^ 

(8) the barium titanate according to any one of (1) 

- (7) above, which is synthesized by wet process* 

(9) A slurry comprising the barium titanate 
according to any One bf (1) ^ (8;) ^BoVe:, 

( 1 0) k p^ste xf^^ the' bffi^iumt -feit ahate 

according to any one of ( 1 ) - (8) above. 

(11) A dielectric material comprising barium 
titanate according to any one of (1) - (8) above, 

(12) A dielectric ceramic comprising barium titanate 



- 6 - 

according to any one of ( 1 ) - ( 8 ) above • 

(13) A piezoelectric material comprising'' bariuin 
. titanate according to any one of ( 1 ) - ( 8 ) above . 

(14) A piezoelectric ceramic material comprising 

5 barium titanatie according to any one of (1) ^ (8) above, 

(15) A dielectric film material comprising barium 
titanate according to any one of (1) - (8) above . 

(16) A capacitor comprising a dielectric material 
according to (11) above. 

1.0 (17-) A capacitor comprising the piezpelectric 

matfeirial accbr^^ to (13) above* 

(18 ) A capacitor ebirtprising thei dd:el:et;trriG f ilm 
according to (IS) above. 

( 1 9 ) Ail in t€s greeted capacitor coroprisirng the 
d40lectrib fil^ according to (15) 4bdve;:cf0 or in 

■a;-'siufei;trAtj^^^^^ 

(2Q) A printed board comprising the dielectric f il^^ 
according to (1 5) above, 

( 2-1 >^ electJ^^ e^guipmerit comparislhg the 
; capa?:if^ ac^prdi^ kny <>ne of ( 1:6 ) -r (1:9 ) iabbVer- 

Brii^f l>^$cpj^^ of tlt0 firiSwlr^ ^ ^ 

powder • : 3>n t^ de^^ct0 ;( vbids ) rei^Ultlng 

■'^F:^:^^: 2v^i?s * gr a:p>h; shbwi'i^c^^ v^^p^na^^sy tite BET 
•^ecAiic^ ^iir#%Gie^ area din ttie treated^ 1^mpera:tttr^ • 
\ : / 'Mr§'4'- ;igr^a^h shoi^ini^. d0t>en!dleiiGy^ e/a 
on thiai txreateci tibaiperature . 

Fig, 4 i^ a^* grapih'^ the dependency of the ip/a 

on ^ the primary pa^ticl^ size. 

?ig • 5- 4:0 a gjraiph ^l^owing tlra dependen^^ of the . 

Modes for Gaxrying Out the Invention 

: The present inviention wili be described 
below, . ^ 



The barium titanate of the present invention; i.e*, 
BaTiOg, is one type of perovskite-type cc^poiand- • - - 
represented by the formula ABO3, wherein A is Ba and B is 
Ti, The barium titanate may comprise at least one 
element selected from the group consisting of Sn, zr, Ca, 
Sr, Pb, Ho, Nd, La, ce^ Mg, Bi, Ni^ Al, Si, 2n, B, Nb, 
W, Mn, Fe, Cu, and Dy, said at least one element being in 
an amount of less than 5 mol% on the basis of the 
entirety of JBaTiOa. 

One characteristiG feature of the barium titanatse of 
the present invention is that the barium tit^nite 
contains no hydroHyl grou^ pt defects resulting from 
removal pf hydroxy! groups inside the particles of the 
barium titanate. 

Another characteristic feature of the barium 
titafrate of th^ pSg^^ht- IhV=€FntJ^h is that • the b^tivmi ^ 
titianate is single corystal, 

A hydroxyl group present in barium titana is 
detected tjhi^^ infrared - sp^^ as an absorption 

p»e^k ia' tite In this cas:e, 

hydrS^l gr-pv^ of ESarticles as 

veil as t ho s^^ inside the particles are detected 

^s j^JLt^aiieptirsix HO^^v;^ ??y5|^0?Cy^?: JS^gJUES:- ^ on 

%he pai^;tiGie sur^^ to be eliminated at a 

,:^emp^f atrure -7:PG °jE>: , ThuSy :tlii^pu^:hi;lie:at/ . : . . . 

trieatlnent--Qf at 7 00'^e-perforiried in 

4^^^neS, ^iydirOxy i g dns ide t^he pai^tic les 

1;^^pet6't. ;wlTife;^ .:'feKC';di^l^(Sjt ::;e6hs^aitt ".-C an : b^ 

detected through infrared sfjectroscopic analysis. 

The "defects resulting from removal of hydroxyl 
groups*' refers to^ "voids" having a diameter of 1 nm or 
more detected thr^^^^ TgM obs.e^ in which thin, film 

pr od^ced - f rb^^ Is p±^^ 

observed. ^uch defects- or voids are of a type similar to' 
that shbim In, Fig4 3 (dehbfied by numeral 22 ) in Japanese 
Patent Application iiaid'-Open ( kokai ) No . 11-27 3986 . Fig . 
1 is a TEM photograph showing a barium titanate powder 



produced ia a Comparative Example (photographed at a 
magnification of 150^000^ but in reduced -scale in -the 
attached drawing). Since fpain-like voids can be 
identified in the pa;rticles observed in the photograph, 
the voids are determined to be defects resulting from 
removal of hydroxyl groups. 

As the barium titanate has, inside the particles 
thereof, no hydroxyl groups or defects resulting from 
removal of hydroxyl groups, the dielectric constant of 
the barium titanalie ihcreases, 

■AS the barium titanate is single crystal, -the 
dielectric eonst^aiit thereof increases. A latliice image 
^halysis by a TEM can determine if the barium titanate is 
single crystal. . 

SjLnce the barium til tart a t^ the presertfc inve^^ 
siii^ie ^crystal " the; die|iec^ -cbiis^tetht. :ther^6t 
increases , 

the barium titanate of the present invention has a 
small particl^; size,, has a high dielectric constant, and 
exhibits eieci^levdfia^ Therefore, 

a ;%jtia^Ci-si^d^^ as a roplti-layer 

cer&Mc ^capacitiir is ^rofS)icj^ -from : a i^ieligC'tric material ^ 
containing ;th^ / barii^ such as ja;^B0^j^:j^^ 

eeram^d -mater Furtiie^gmb^ an el-ectrpnic apparatus 

• of :--s*aii.- 4i'Z-e::-an;d^^ rosfe'-" - 

^Suc^i' an -electrcinic:^^ /.^^ . 

jn geper #14- barium titanate having- a BET specif •ic 

; sur f :a<i?e- ^i^af 4f -'ai^iS:S;/4i#h-:' -6 . feaa?ium ' -t it anat^e- 

having a very large particle size, is ndt^ffefctive for 
producing a sraall^sized electronic apparatus. In 
contrast, bariuin '^itanate having a BET specific surface 
area of more thaii 6.1 ift^^^ 

further pr^f^i:abiy--5 m?/g;; a 
small^sized eiectroniG 

The production process employed in the present 
invention is not particularly limited, but wet process is 
preferred in which titanium oxide sol is. preferably used 



I 



- 9 - 

as a starting material. 

No particular limitcition is imposed on the titanium 
dioxide sol employed in the present invention, but a 
titanium dioxide sol containing brookite crystals is 
preferred. So long as the titanium dioxide sol comprises 
brookite crystals, the titanium dioxide sol may comprise 
brookite titanium dioxide singly/ or the titanium dioxide 
sol may comprise rutile titanium dioxide and anatase 
titanium dioxide. When the titanium dioxide sol 
comprises rutile titanium dioxide and anatase titaniffln 
dioxide/ no particiiliar limitation is imposed oh the 
airtount of bjcbdkite titani dioxide comprised in -the isbl. 
The ainount of the brookite titanium dioxide is typically 
1 to 100 mass:%^ preferably 10 to 100 mass%r more 
prBiJeitsihly 50 to 100 mas^%, further preferaBliy 70 ^d- WQ 
• jrta|f ■£t[>"^c>id:er 'toV ieahahb^; dis^4i^€ifei|^^^ ' -''titk^ ' ' 
dioxide particles in a solvent^ titanium dioxide havirig a 
crystalline; :str^ rather than: aih ambirphbus structure ' 

i^^^ref er^ab^ since titanic 

ery^.tall;ihe^ tends- to remain ,ih the f^ 

pr^imai^ p;^ ^?ai^ticulaLrly> toiTTOkitie titanium 

diSbkide.<is jp^ as it e^Tiibi^s; ex^ 

■■;di^<^^§Abi .!5he.'rMB.ason-,^^ • 

exhibits ^xc^il^^ dispersibility has not been clarif ied' 

*i^^^r cona^^iv t^he high:;:dispersib^ :O$^rxy<0;ii;ii^& - 

ti^anium^d^Qjc^^^ tit:anium dioxide 

*iav;ing a >z^i^a-rpoi^entiai^ hi^^ than that of rutlle 

: tii^aniAim 

Examples of the proeess for producing titanium 
dioxide partieres containing br^^^^ include a 

production piroees^ in which anatase titanium dioxide 
particles is sub je^ to heat : treatmeht to thereby 
pr0dtfc:$\ tit|[niunf dioxi^ par^lcigs c^^^ 

6rystals; ar^d a liquid^phase production process in whiqh 
a solution of a titanium compound such as titanium 
•%eJt?^chloride7 titanium trichloride, titanium alkoxide^ 
or titaniiim sulfate is. neutralized or hydrolyzed, to 



■thereby produce a titanium dioxide sol containing 
dispersed titanium, dioxide particles. " v. - * 

When barium titanate particles are produced from 
titanium dioxide particles coittprising brookite crystals, 
from the viewpoints of small size of the titanium dioxide 
particles and excellent dispersibility of the particles, 
a preferred process therefor is such that a titanium salt 
is hydrolyzed in ah acidic solution to thereby produce 
titanium dioxide particles in the form of titanium 
dioxide sol. Specif icailyv the following processes 
preferred: a process in which titanium tetrachloride is 
added to hot water of 75 to 100**C> and the titaniuni 
tetrachloride is hydrqlyssed at a temperature falling 
within the range of TS^G to th^^^^ the 
S0iiijb±6n, whiles thei^ cldricreiitra ofe dhloiridie ibhs is 

contr&li^d; t-Q th^r^eby pt¥otiud^ trit^nijirt" d^ 
comprising brookite crystals in the form of titanium 
dioxide sol ( japan0se Peite^^ Laid-open ■ 

(kpkul) No, 11-043327) 7 and a process in which titanium' 
teH^rachlprid^^ wa^ter of 75 to lp.0°C^an4/ 

in tfi^^jgfesS^ of nitrate ions and 

phQSj^feate i<aris , the-1^^ hydjtoiyzed 
at;, a tgmparature f all^n^. within th0. rr^ff^ to the 

boiiring^^^^ of the^ solutionv while th« total 

coiieeTitr^^ion of rc nitral^ ■ 

phosphater^^ thereby prodiiee titanium 

dipxi^ partis bi:ookite-^cry&tals in tlie 

f orm: W^^^ ti^^nium idi^ ( international Patent 

Publication WO 99/58451) • 

The thus-produced titanium dioxide particles 
comprising brookite crystals preferably have a primar;y 
particle size of. 5. to 5Q ;nin'. When the primary particle 
size exceeds so /-nm ; : blifium^ pitod^ic^e ' 

from the titanium dipkide particles have a 1 arge pkrrt ic le 
size, ahd th4.C:6mpiex oxide particl^^ are unsuitable f cr- 
use as a functional material such as a dielectric 
material or a piezoelectric material. In contrast, when 
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t:he_ primary particle size is less than 5 nm, a difficulty 
is encountered in handling the titanium dioxide particles 
during the production thereof. 

In the production process employed in the present 
invention, when a titaniuiin dioxide sol obtained througti 
hydrolysis of a titanium salt in an acidic solution is 
employed, no particular limitation is imposed on the 
crystal form of titanium dioxide particles comprised in 
the sol; i.e., the crystal form, of the titanium dioxide 
particles is not limited t ■ ' ^ 

When a titaii^ium' salt such as titanium tetrachlo^ 
or titanium sulf ate is tiydrolyzed. in an acidic solution; 
as the reaction rate is reduced, cpmpared with the. case 
where hydrolysis i$ carried out in a neutral or aikalln^^ 
. spl^tion, a titanium dipxi^ Comprising titanium 

dioxide^ sls^e 
exhibiting exGellent dispersibility is produGed. In 
addition , since 4ftions such ; as; chipria^e ions ^ 
ipns Jfe^nd ; npt to^ enter, the thuS:^prpdiiced titanium dioxide 
part.i^ej^^,^^"w t^itanate; par are produced 

$kpA -th€^ titiniu^^^ amipUnt of anipris which 

eii^er tiik' baz^ium tit^inalfee - partic le^s pkn be reduced - 
. ; Meaiwhil^ : wh^ . a ty^^ ,sklt7:„ is > hydrpa^^ed -in a 

iieutrai or al^aidhe splu t^i^ ^ the :react ion ii'ate: increases 
apd :1 ar ^ nue|^ei ;ar^^^^ genfer a:ted^ 4in^^^ e ariy ^ 

:;sta^e:; ii:s" "arv a^^g^^^ dioxide sol containing 

ti^animn-d^^ 'I%rticl;es P^^ exhibiting 

fOO^ ^i:$ j|>^ and the dioxide 

particles form wig-eshaped aggregates. When bariiim 
titariBte particle s are formed' from stich a titanium 
dioxide sol, althpugh the result^iht particles have a 
small particle size, th# . p^rticlei eicfiiblts poor ' 
,d^SEyerslfeii:ity^.^ In addition the 
inside of the titariiuin dipxici^ particies, and removal of 
the anions in the subseguent step becomes difficult . 

..No particular limitation is imposed on the process 
for producing a titanium dioxide sol through hydrolysis 



of a. titanium salt in an acidic solution, so long as 
acidity of the resultant reaction mixture can^ be- ^' 
maintained. However, preferably, there is carried out a 
process in which a titanium tetrachloride serving as a 
raw material is hydrolyzed in a reactor equipped with a 
reflux condenser^ and escape of the thus-generated 
chlorine from the reactor is suppressed, thereby 
maintaining acidity of the resultant reaction mixture 
(Japanese Patent Application Laid-open {kok&l) No. 11- 
43327) . 

The concentration of a titanium salt (i.e., a raw 

material) contained in an aqidic solution is preferably 

0*01 to 5 mol/li. When the concentration exceeds 5 mol/L, 

the reaction rate of hydroiysis increases, ,and thus a 

titarliuin dibxide sol dpinprisihg tltjaniuni. d^^^ 

particles of large p^Tticle size and exhibitin 

diispersibility is obtained, whereas when the 

concentration is less than 0.01 mol/l,, the concentration 

of tiifs resultant titanium dioxide decreases, resulting in 

pooi: productivity. 

Tftev biariUrav compound Employed in the production 
. . ; .... . ■■ ■ .. .- 

proces s of the present invention preferably exhibits 

water:4^.$0liibility^^ q^lypically,. the. bairijiim^^ is,- for 

exampiev ^~a^ acetate, or a 

chiLpride:; These compo^untis^may be era^oyedr:si;ri^^ or in- 
c ombihat ron o f two' - or mo r^^^^ a t ^ ar bi t er airy 

proportions Speciifric examples of ttie^ barium compound ' 
wftioff may be erhplc^e^' includ b5L?^i;um. 
chloride, barium nitrate, and barium acetate v 

The barium titanate of the present inverttion can be 
produced through '^ process in which titanium dioxide 
particles comp:riising bi:ookite crystals are ireabted with a 
barium cdm|Jo^ or a prbc^ in wHTch" a titanium salt is 
hydrpiyzed in solution, an<d the resultant 

titanium dioxide sol is reacted with a bariutn compound- 
Preferably, a reaction is caused to proceed in an 
alkaline solution containing a basic compound. The pH of 
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the_ solution is preferably at least 11, more preferably 
at least 13, particularly pre£erabl-y at least" 14; When 
the pH of the solution is adjusted to at least 14, barium 
titanate particle^ having smaller particle size can be 
produced. Preferably, a basic coiiipound (e.g., an organic 
basic compound) is added to the resultant reaction 
mixture, to thereby maintain an alkalifte milieu; i.e., 
the pH of the mixture at 11 or more. if the pH is lower 
than 11, the reactivity of titanium oxide sol and barium 
compound decreases so that it is diffictilt to obtain''*'' 
barium titanate with a high dielectric constant. 

No particular limitation is imposed oh the basic 
compound to be added but, preferably, the basic compound 
is a substance which can be gasified through evaporation^ 
sublimation, and/or thermal decoimiposi at or below a 

temperature at ^^w firihg of Sarlum' titah 

performed and at atmospheric pressure or reduced 
presisure. Preferred examples^ of the basic' coiripound which 
may be employed incl ( tetramethylammonium 

hydroxide) and:*c when ^n alkali metal hydrqxide 

such a^ li^hiu^ hydroxide, sodium hydroxide > or potassium 
hydroxide is added, such an alkali metal refmains in the 
.«rest4ltA0t^'lpa:^a^ tiS?aiicit<e? particles . Thi^^^^mte, .whign the 
composite oxide partiqles are subjected to molding and 
s int ering , to -thereby ;f oriti a f un^r tip^l ^suoh as 

dieiectric material or $. pi^zoejlectrie m , the 

properties of the functional material may deter ioirat<e . 
Thus , addition of tlie vafor^itiefn^ basic compound 

(e.g., tetramethylammonium hydroxide ) is preferred. 

Furthermore; when the concentration of carbonate 
groups (including\ carbonate species such as GO2, iaaCOj, 
HCO3", and COj^") cdntained in the. reaction mixture is 
cohtroll^d, barium titanei^ a "lar^ge iix^Ii&c1^±6 

constant can be successfully produced. 

The concentration .of a carbonate group contained in 
the reaction mixture (a$ reduced to CO2/ hereinafter the 
same shall apply unless otherwise specified) is 
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preferably 500 mass ppm or less, more preferably 1 to 200 
mass ppm, particularly preferably 1 to 100 ma'ss ppm. ' ^ 
When the concentration of carbonate groups falls outside 
this f ange barium titanate having a large dielectric 
constant may fail to be. produced, 

in the reaction mixture, preferably, the 
concentration of titanium dioxide particles or a titanium 
dioxide sol is regulated to 0*1 to 5 mol/L, and the 
concentration of a barium-containing metallic salt as 
reduced to a metal oxide is regulated to 0-1 to 5 mot7L,. 

In addition, a compound of at least one element 
selected from the group consisting of Sn, Zr, Ca/ Sr, Pb, 
Ho, Nd, Y, La, Ce, Mg, Bi, Ni, Al, Si, Zn, B, Nb, W, Mn, 
Fe, Cu, and Dy may be added to the reaction mixture such 
that the resultant barium titanate confeairis such an 
element in an amount of les^ than ' 5 ifeli cm the bal^is' of 
the entirety of BaTiOa, These elements may be 
predominantly present bri the surface of particles . When , 
f or es^ample, a capacitor is produced from the barium 
titkh^te> ^ t^^ type arid a^ipunt of -the^^e added to the 

r;eacti£ori: mixt^^jre may fee ,d€stermined in; accordance with 
intendi^ed* cKaracteri Cinciuding tem^ielrature 

charficteristics ) of the c.apeicitGr^^^^ . , / 

While being stirre^^^^^ the thus- 

prepared -alkaline solution is /tyj>ic<a:i~Ly- heated to 4 (X-C to 
the boiling point of the st»lution; p 80 to the 

boiling pointr of the solution, to thi^reby allow a 
reac£ion to #>a:pceed. ; ihe react ion time' is typical at 
least one hour, preferably at least four houts. 

In general, a slurry obt a iiied through the reaction 
is subjected to- process employing, for ekaraple, 
electroflialysis , ipri estchahge, washing with Water, 
washing with acid, or peirmeafeiofi^^^m^ "to thereby 

remove impurity ions, Howfever, while; the impurity ions 
are removed, barium contained in the resultant barium 
titanate is ionized and partially dissolved in the 
slurry, and thus compositional proportions of the barium 
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titanate are not regulat-ed to the desired proportions. 
In addition, as crystal defects are generated" in tlie* 
barium titanate ^ the dielectric constant of the barium 
titanate . is reduced . iberef ore , prefer ably > removal of 
impurities such as a basic compound is carried out 
through the below^described process rather than the 
aforementioned process. 

When a slurry produced through the above-described 
reaction is subjected to firing, the particles of the 
present invention can be produGed^ Through firing of^the 
Slurry, cjfysti;a^^ barium titaiiibt^ par can be? 

enBancedv and iitvpuriti/ies remaining in: the "s$ur^y /V^^ as 
ah4.phs (e-g- , chloride ions, sulfate .ioh::s> aiid • phosgbate 
ipn$ ) an4 a basic coxapound ( e , g , , tetraine^^ 
^lyd^ro^i^ be r^mpiy^d in the fr^^l:6fJ^ga^ 

-^yap?|r^fc^ 'Snci'/or" "t&<^pi^;-d^^ 

Typically, fifcihg is carried out at 300^ tty I>2a^ NO 
pa-rticu^O^r liniitatioh' is imposed dii fehe ^ii^iti^ 
. a^piospher^;^^-^ 1^ typicaily , firing is;; carried put in air • ; 

\''"Ttr^M?0-0i^i. 'frcjra - the- yi^vpoint^ tite^ ■ 

Sidr*^ m^y lie to solids li|qi:jii& s^ep^riefction ^be^ 

;fi3ping«- --fh^:--~,so>l4d^ the 

•dr^iiigv- ;;^^e^;:tlie/-^^ ^Odmiehtrs^^ 
and:rfii:isi^ ^C)iyt.--^-a:. ,;,f:^^ -j^. ^^ \.~ 

r. disper$ an be * ejiipdf^ to^ ing^#i:s§^ ( 55: 

decrease:) the -precipitation rate or the filtration rate, 

.iMr^a/v^iyingv.;^ ^ " " ^ 

isubiimated thin^ ea^^mple, reduced-prfes^uife drying, 

hot^aiif drying^ or f reeze-drying , 

Before firiri^g of the slurry, impurities su^^^ a 
basic CJOiTPpG^und m|Ly bfe t^mpvi^d. in thB^ f OkjSnR^Of^ ^:$s f Ibm the 

;• siu^yy •'S;'t;^p§i^ 
teSVpferatur^ t^lm^raltii^ at i^hieh- fii^ii>g; ig- E>#rf&rined 

and at ja€mos^ reduced presssure* 

• \ *he 1^hus>^produced titariatje has , inside the 

particles thereof, no hydroxy 1 groups or defects 
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resjilting from removal of hydroxy 1 groups and exhibits 
excellent electric characteristics r As mentioned' 
hereinbefore, such a hydroxyl group is detected through 
infrared spectrometry as an absorption .peak in the 
vicinity of 3,500 cm"\ Through heat treatment of the 
barium titanate at 700''c performed in advance, hydroxyl 
groups contained inside the particles thereof which lower 
the dielectric constant can be detected through infrared 
spectroscopic analysis. The defects resulting from 
removal of hydroxyl groups are detected as voids hav5ig a 
diameter of 1 nm or more through TEM observation. 

When a thin film pr6duced from conve^n^iorially known 
barium titatnate is minutely examined, almost every 
partiple tias voids, yit*i rare exceptions, in that about 
15 five or f^wer partiti^e^ out pf 10^^ contain 
no voids. However, with t^^^ titanate produced in 

the working exainplefe of the present invention, ho defect 
(void) resulting front removal of hydroxiyl groups was 
obseirved in a sample of Bund of particles > In dtlier 

20 words, . according to the present invention, the percentage 
iii number of barium titan^^^ containing np 

defects (voids) resulting fr^ of hydroxyl groups 

wit|i r^ spep t to the e^nfeiii^ p>ajft icl^^s. -is at l^^&t ' 2 0 % , 
pK^erab^.^ l^st 80;%, 

P2^^^f^#ly ^^^^^^^ to * 

virvfeually 100^. 

While the dieledti^ic constant of barium titainate 

increases if it is sihgle crystal, it was confirmed by 

TEM lattice analysis that barivuii titanate of the present 

invention is single crystal. 

A film with - a high dieXectriQ con^ may be 

obtained by disp^r^int :a ihcludihg the barium 

titanate of the present in^^ at least' one 

35- selected from the group consisting of thermosetting 

resins and thermoplastic resins . 

The fillers other than barium titanate, which may be^ 



30 
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usedr include alumina^ -titaTiia, zirconia, tantalun oxide, 
&tc,r and combination thereof. - — - ^ - - ^ , • 

The thermosetting resins and thermoplastic resins 
are not particularly liinitJed and may be commonly used 
resins. The thermosetting resins preferably are epoky 
reins, polyimide resins, pplyamide resins^ bistriazihe 
resins, etc. arid the thermoplastic resins are preferably 
polyoiefin resins^ styrene resins, polyamlde resins, etc. 

It is preferred that in order to uniformly disperse 
a filler including the bariujin titana^ pre^en^^ 
invention in at least one thermosetting resiri and/or 
thermoplastic resin, a filler is preliniinaSrily disjj^rsed 
in a splyent or a mixture of the resin and a solvent to 
form a slurry. 

Tthe m<B^^ Of dispeai'sing a f iller in a solvent or a 
mik^:)ii^/qi^ to form ::a slurry is 

not particularly limited but pref erabiy comlpirises a wet 
disaj^sociatih^ step. 

The solvent, which is not particularly limited^ h\ay 
be any sol verity which is- Uisualiy u^ 

m^feh3^1efe%i^ toiuener ethyl acetate/ itiethanol, 

;et*ahol?' i^^rlii-fii^ttiy^: t^imsiMtie/ acetamide> 
N-^m^ls;hy;lpy^ ceifosoi^ T^iise^'^ 

big u^jg^^^3^ 
' ' A GOi^ 

? -^^^i^^ 5^:"^ ^^i^i^H tRe f i:f l?er ' is " dii sgersid in k soi^/eh t or a 
mixtux:e Q -a solvent arid the ab^ The Goiipiirig 

agent is iiot : p^ri^icula^ tQr ' 

example, a silane coupling agent, a titani^teVb^sed 
coupi ing agent , and an aluminate'-based coupling agent . 
AS the hydrophilife gr©up of / a coupling agent reacts with 
active hydrogen on t^he surface^ filleir and cbyers 

tfie sAir Sace ; i;iie ■ disi^r sitd^Iit S iilS^t ■ 3ifet0 a 

solvent is improved* The hydrpphobic group of the 
coupling agent may improve the compatibility with the 
resin by vs^lec ting the gr^ For example, when the 

resin used is an epoxy resin, a silane coupling agent 



- 18 - 



haying a functional group such as monoamine, diamine, 
cationicstyril, epoxy, mercapto, an'i lino "and ureido, or a 
titanate-based coupling agent having a functional group 
such as phosphite, amino, diamino, epbxy and mercapto is 
5 preferred. When the resin used is a polyimide resin, a 
silane coupling agent having a functional group such as 
monoamino and di amino and aniline, or a. titanate-based 
coupling agent having a functional group such' as 
monoamino and diamine is preferred". The above ceuplang 

10 agents may be used alone oir in combination. 

The amount of the coupling agent is not particularly 
limited and is sufficient if a portion or all of the 
surface of . the barium titanate particles^s covered. If 
the amount of the coupling agent is too high, the 

15 '^^'^^^^f^^ unrfeac^ may be affected and, 

if it is too low, thife cpup^^^ effect may be lov^ ^ 
Therefore, depending on the particle size and specific . 
surface area of the filler including the barium titanate 
and kind of the coupling agent, the am the 

20 " coupling agent should be selected such tHat the filler 

can be uniformiy dispersed, but about 0,05 to 20% by mass 
baseid on thfe mass of the f iller iiicluding; barium titanate 
is .desired.: - ' •.. ^' - , . 

ft .is. pt^^^ to inplude a heating step for the 

25 srurry; in btd reeieti?6n i>St^ 

hydrpphllic ^^g^^^ active 
hydrogen on the surface of the filler inciudiiig barium 
txtanate. - The heating temperature an'd the time are not 
particularly limited but are preferred to be 100-150 ''C 

30 and for 1 to; 3 hours.' when the boiling point of the 

solvent, of the selveiit is. 100*'C or- less ^ it is pref erred 
that the heating teraE>erature is npt higher t hah the . 
boiiang point of' ;the splv^^ and the heating time E>eried 
is accordingly lengthened. 

35 > The barium titanate of the present invention or the 

slurry comprising the barium titanate of the present 
invention can provide a dielectric film which has 
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excellent dielectric properties . 

The above dielectric f iliu can be applied^to -a 
capacitor in or on a substrate (for example integral 
cai^at?itQr) since its dielectric properties are so 
excellent that a thin film made from the dielectric film 
can have excellent dielectric pfoperties. When such a 
capacitor can be used in an electronic equipment such as 
a cellular phone or a digital camera, it is very useful 
in maikiing the equipment miniaturized^ lightened and to 
have a higher pexrformance. 

fixamplfes 

The present inveintion will next be described in 
detail: by wa^^^ fixajppies ap^^d Comparatiy^^^ 
s^iduld- hot .be. c^ns^ttued as liroitxncr ^he inventiixih 

' €hBi^(^X^,. ' .\ v;;;."'' ' " ' " 

(Method of measuring dielect 

* The dielectric^ ^^ c^^ of ' this ^obt^ barium 

t;it^aa:ie^ wa^^ 

" '""gari^- tit^ ^oxide 
5#p-^.0i^> ^pii^uce^^^ ^by^:^'iQ^<y^.;<|^ •. tnc..:| / •■- 

BSi2O3:.^^p&^W0^ IX&XvX^Aiiii pi?i^iuc^ yttriuiii 

" w#r^ '-^ma^ -^iaiid ■ 'i>^l i^O i O^SiQ . 7^^ Q , "'■.a . ^jg^-bf 

■ ^lTe",'mM^ 

;diam^ in ^a nitrogen 

atmosphere for 2 hours, ^fie, ^iztes of the obtained 
sintered Body v^erp precis'i^^^^^ The sin^^ 

was coated with a ^s^^^ for firing and 

fired at 800 ""C in an air atmosphere for 10 minutes to 
form a . single plate Gapacitdx-^^^^^w^^ 

T|ie statdic ;<?-e^ ^^f- 
' measiir^ Ic^y iji life: .:im|^|^ ■ 
by He^3^eii:^-'':p'a^ka constant /wa^ 

calculated from the static capiaLcitarice measured at a 
-freguefnpy of IkHz and a changed from SS'^G to , 
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125j*C as well as the sizes of the sintered body* 
Example 1; ^ - - 

An aqueous solution containing 0.25 mol/Ij titanium 
tetrachloride (product of Sumitomo Titanium, purity: 
5 99.9%) was placed in a reactor equipped with a reflux 

condenser, and the solution was heated to a temperature 
near its boiling point, while escape of chloride ions was 
suppressed, whereby acidity of the solution was 
maintained. The solution was maintained at the same 

10 temperature for 60 minutes, and the titanium ^ 

tetrachloride was hydrolyzed, to thereby yield a titanium 
dioxide sol. =A portion of the thus^obtaihed titanium - 
dioxide sol was dried at 110 **C, and the titanium dioxide 
was subjected to crystallographic analysis by use of an 

15 x^ray dif f raction appax!atus (-RAb-^B. KotOr f lex, product of 
Rigaku XSorporation) . ;As a r esUlt, the titafiiAim dioxide 
was found to be brookite titanium dioxide. 

Barium h^i^droxidG bet ahydrate (product 6 
, Chemicals Co,, Ltd,) (126 g), and an aqueouis solution 

20 (456 g) w hich had been prepared by feeding carbon 

dioxide gas to a 20 mass% aqueous splution of 
tetramethylammonium hydroxide (product of Sachem Showa) 
^uch'tha^^^^ 

' CQn1^ki;flil4 in. the splution was adjusted to. 60 mass ppm (as 
25 • r^du.c^d to POzr hereinafter the sa^^ sh^ll apply Wi^s^^ 
otherwise .speGified)rr^^ added to a reactor equipped 
with «a , iref lux condenser , land ;the resultant m4xtur^ was 
heated to 95 '^C in the reactor while the pH of the mixture 
was maintained at 14. A titanium dioxide sol (titaniuia 
30 dioxide coricentration ; 15 mass%) (213 g) which had been 
prepared through precipitatipri and concentration of the 
abpycs^.pbtained titanium, dioxide sol was added dropwise to 
the . reactor at a rate of 7 g/iniriute. 

TRe resultant mixture was heated to 110**C, and 
35 maintained at the same temperature, under stirring, for 
four hours, to thereby allow a reaction to proceed. The 
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thus-produced slurry was left to cool to 50^C, and then 
the thus-cooled slurry was subjected to filtration^; The 
filter cake was dried at 300''C for five hours, to thereby 
produce a fine powder. The actual yield of the powder 
5 was found to be 99,8% of the theoretical yieild calculated 
from the amounts. of the titanium dioxide and barium 
hydroxide employed in the reaction. 

The obtained fine powder was found to be single 
crystal by observation with TEM. 5g of the fine powder 

10 was placed on a ceramic dish, and heated at a temperaiSire 
elevation rate of 20''C/raih in an electric furnace arid 
kept or fired at. a temperature as shown in Table 1 for 2 
hours, followed by bjeing. allowed to cool. 

The resultant powder was subjected to X-^ray 

15 diffraction analysis by tisfe of ^n X^ray diffraction 
ap^a^drtti^ (RA0^ pi^diiCt of Rigaldi 

Cprppration) . As a result, the powder was found to be 
perovskite-type BaTi03^ Oh the basis Of x-^ray 
diffraction iiite^ data, the c /a ratio of the powder 

2 0 waiB obtained 1^^^^ pf a Rietveld method, and found to 

be 1-'Q104. the specific si^^^ the po^ader, as 

measured on the ba^sis of the BET method, was found to be 
7 , 1 raVg. The results thus^^pfeta^ned^ sl>c>wn. in. T.ab.ie 1 
and Figs. 2-5. ^ ' 

-2-5' '^^^ . c:a^:l3onate group, eontentypf the sample obtaiiied 

by-^ firing- at - 95 use of an ±nf reared 
spectro^eopic -an^^^^ product of BIOKAD) , ^ 

The c^rbphat^ gr^ about 1 mass% 

as reduced to barium carbonate. The sample was found to 

30 exhibit no steep absorption peak in the vicinity of 3,500 
cm'^ attributed tOs^an interstitial hydroxy! group, the 
dielectric constant at 25^C was 3200. The temperature 
charaqteristic thereof sa^tisfied the JCTR chaS^act eristic 
of the CLASiS II classification code of EIA standard 

35 (United States Mechanical Industries Association 

Standard). A dielectric ceramic, dielectric film, 
capacitor arid dielectric material obtained from the above 



barium titanate were excellent in their characteristics. 
Example 2: — . 

A perovskite-^type BaTiOg was produced in a manner 
similar to that of Example 1. ' The BaTiOs was 
cirystallized at 600°C for two hours. The specific 
surface area and c/a ratio of the resultant BaTi03 were 
measured in a manner similar to that of Example 1, and 
found to be 25 m^/g and 1.0032 , respectively . infrared 
speci^roiscopic analysis was performed in a manner similar 
to that of Example 1, except that the sample was heated 
at 70p°C. As a iresult, the sample was found not to 
exhibit a steep absorption peiak in the vicinity of 3 /5G0 
cm"^ attributed to an interstitial hydroxyl groiap* The 
dielectric constant at 25*^0 was llOO. The. tempera4ure 
characteristic thereof satis^i^ the x:7R ^hara<5teris.tic 
of EiA pitnd^ dieiiscto 

capacitor and dielectric material obtained from the above * 
barium titanate were excellent in their characteristics. 
Example 3 : 

^v^f^^^^^HitiB-^yp^^ BaTiOg was produced in a manner 
simiia4\,rfeo that of Exeotiple^ 1,. The Baiiib^ was 
xsrysl^allAzed at aSO'C for: two hours ^ ^he-^pec 
sur^^^ pjrea. and p/a, ratio pf t^^ .ir^sulte^ wer^ 
measureia 4^^^ maiiner similar to that pf^ Example 1, and 
found'-tp: be 4 ,1 m^/5:^nd 1^ Otf?2 y ' liif^rared 

speci^r-oseopic- analysis was perforiived in sl manner similar 
to that of Example 1. As a result, the sarapie was found 
npt to e^ihibit • a s^teep^^^ 4^ vicinity of 

.3,500 cm"* attributed to ah interstitial hydroxyl group. 
The dielectric constant at 25^0 was 3600. The 
temperature charaojbeiristic thereof satisfied the X7R 
characteristic of ^iA stailda*^, A. dielectric ceralr^ 
dielectriG^ f ilnir. cai^a:citp^ 

obtained from the above barium titanate were excellent in 
their .characteristics* A TEM image of the sample at a 
magnification of 250,000 showed no void resulting from 
removal of hydroxyl groups. 
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Example 4: 

A perovskite-type BaTiO, was produced in- a manner ■ 
similar to that of Example 1. The BaTiO, was 
crystallized at 1, 2 00 "C for two hours. The specific 
surface area and c/a ratio of the resultant BaTiOg were 
measured in a manner similar to that of Example 1, and 
found to be 0.5 mVg and 1.0110, respectively, infrared 
spectroscopic analysis was performed in a manner similar 
to that of Example 1. as a result, the sample was found 
not to exhibit a steep absorption peak in the vicini^ of 
3,-500 em^* attributed to an interstitial hydroxyl group. 
The dielectric constant at 25^G was 4000- The 
temperature characteristic thereof satisfied the X7R 
characteristic of eia standard. A dielectric ceramic, ^ 
dielectric film, caftaaitor and dielectric rft^te^^ 
obtained from the above barium titah^^^^^^^ wfeire e3c:e^il^nt in 
*^heir characteristics., A tem image of the sample at a 
magnifiG^tioh of 250,000 showed no vbid resulting . from 
rempv^i pf hydroxyl grpups. 

5: "- . .. .. . 



•Pti^. prt^^^^ of Example i; was repeated, except that 
the ampuot of TMAH ,tP be added was ireduced and^^^t^^^ of 
the alJ^aline soluition waf changed . 

syhthesize-a ba^ The actual yield of the 

barium, titanate was found; to be 98,% of the theoretical. 
yield. ^ The li^ari^m- t-i-tanat.e'was single crystal by TEH 
analysis ; The barium titanate sample crystallized at 
S^O^e for two hours was: measAireS in, a m^niier similar to 
that of Example i, and found had the specific surface 
area and c/a ratio of the resultant sample were 7.3 mVg 
and 1.0090, respeci^tively. Infrared sp$ctrpseppic 
analysis was perf ormed: in a manner similar to "that of ' 
Example 1. As a result, th^" s.ample was" fou^^^^^^ 
exhibit a steep absprptioh peak in the vicinity of 3,5Q0 
cm*^ attributed to an interstitial hydroxyl group. The 
dielectric, constant at 25 'C was 2 600. The temperature 
characteristic thereof satisfied the X7R characteristic 



of EIArStandax-d, A dielectric ceramic, dielectric film^ 
capacitor and dielectric material- obtained from the above 
barium titanate were excellent in their characteristics. 
Example 6: 

The procedure of Example 1 was repeated, except that 
a choline aqueous solution having a carbonate group 
content of 75 mass ppm was employed in place of the TMAH 
aqueous solution^ to thereby synthesize a barium 
titanate. The actual yield of the barium titanate was 
found. to be 99,9% of the theoretical yield. The bariTOi 
titanate was single crystal by TEM analysis. The barium 
titanate sample crystallized at 880*^C for two hours Was 
measured in a manner similar to that of Example 1, and 
found had the specific surface area and c/a ratio of the 
resuitant sdLinple w^ 7 ni^/g and 1.D091; respectiyely. 
Inf rared spectroscopic ah^i wasx perrdirtoed in ^ inknner 

similar to that of Example 1. As a result, the sample 
wa6 found not to exhibit a steep absorption peak in the 
vicinity of 3,5.00 cm'^^ attributed to an interstitial 
hiydrqxyl group. The dielectric constant at 25°C was 
270a, The temper a€ut6-e thfereof satisfied 

the X7R characteristic 6f ElA standard. A dielectric 
cearamicy dielfecj:ric: . 
rasiterial obtained from the iaboVe barium titanate were 
esccelrlent dn their eha3p.acter±stics • - 
Exampl:e '7:: - - 

The prbcedure of Example 1 was repeated ^ except that 
a Cbnunerc^ available ana tase titanium dioxide sol 

(Si'S-oa, product of Ishihara Sangyb Co. , Ltd. ) was 
employed in place of the brbokite titanium dioxide sol 
synthesized in Exafiplo 1, to thereby synthesize a barium 
titanate. Tte actual yield of the barium titanate was 
found to- be 99/8% of €he^he6r^^ barium 
titanate was single crystal by _ tM analysis , *he barium 
titanate sample crystallized at 880''G for two hours was 
measurea in a manher similar to that of Example 1, and 
found had; the specific surface area and c/a ratio of the 
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resultant sample were 7,7 m^/g and 1.0071, respectively, 
Infrared spectroscopic analysis -was- performed "-iii a- manner 
similar %o that of Example 1, As a result, the sample 
was found not to exhibit a steep absorption peak in the 
vicinity of 3^500 citi"^ attributed to - an interstitial 
hydroxy 1 group. The dielectric constant at 25 ""C was 
2400. The temperature characteristic thereof satisfied 
the X7R characteristic of EIA standard. A dielectric 
ceramic, dielectric film, capacitor and dielectric 
material obtained from the above barium titanate were**" 
excellent in their characteristics. 
Example 8: 

the procedure of Example 1 was repeated, except that 
a TMAH having a carbonate group content of 110 mass ppm 
was employed In place of the TMAH having a carbonate 
group conteftt df 60 mass t>piri> to thereby sy^^ a 
barium titanate- The actual yield of the barium titanate 
was found to be 99. 8% of the theori^tical yield. The 
barium titanate was single crystal by TEM analysis. The 
barium titahate sample c^^^^ at 880 "'C for two 

hours was measured in a. lia^^^ siihilar to that of Example 
ir and found had th6 specific surface area and c/a ratio 
of the re^ulfcajnt. . s^piLi? wejre 7 . 3- M^/^g and 1 i .0,6.9 0/ 
respectively infrared spect.rdscopic analysis was 
^perforrrted in a manner sixaiiar to th^i; of - -Ex^ftple 1. As a 
result, the sample was found not to exhibit a steep 
absorption peak in the vicinity of 3,500 cm"* attributed 
to an interstitial hydrQjcyl grbu^^^^ 

The dielectric Gionstant at 25^C was 2700. The 
temperature charaGt€»ristic thereof satisfied the X7R 
characteristic of\ElA standard. A dielectric ceramic ^ 
dielectric film, capa.citor and dieljectric material 
obtaihed f rom .said barium titanate wete excfelleht in 
their characteristics. 
Example 9 

The procedure of Example 1 was repeated, except that 
a TMAH having a carbonate group content of 215 mass ppm 
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was_ employed- in place of the tmah having a carbonate 
group content of 60 mass ppm, to thereby synthesize a 
barium titanate. The actual yield of the barium titanate 
was found to be 99.7% of the theoretical yield. The 
5 barium titanate was single crystal by TEM analysis. The 
barium titanate sample crystallized at 880 **C for two 
hours was measured in a manner similar to that of Example 
1, and found had the specific surface area and c/a ratio 
of the resultant sample were 7.5 mVg and 1.0087, 

10 respectively,- Infrared spectrosGoiiic analysis was 

performed in a manner similar to that of Exarnple 1. as a 
result^ the sample was found not to exhibit a steep 
absorption peak in the vicinity of 3,500 cm"^. attributed 
to an iriterstitial hydroxyl group. The dielectric 

15 coris.tant ^t ^S'^e was 2500 • The temperature 

charaeteristic thereof satisfied the ;t7R characteristid 
of EIA standard. A dielectric ceramic, dielectric film, 
capacitor and dielectric material ob'tairied from: the above 
barium titanate were excellent in. their character^ stiles. 

20 Ex^aiupae , : - 

- The girpcedure of Example 1 was repeated , except . that 

a TMAH: haying a Carbonate ^ content of 490 mass ppm 

was employed iit glace .pf . the :TMAHv haying; a. <Saj^iJ<^^ ■ 
group .Oon-ten^^ 60 mass ppm, to theri^.by syilthe a 

25 bar-turn tit;^natev The a:qtuftl yield- p*; the-#ar iunv^ 1^ 
was^- iouiid-to^^b The 
barium ti-tartate was sihgie crystal by TEM analysis. The 
..bariuip titanate., aample crystallized at.- ^8 
hours was measured in a manner similair to that of Example 

30 1, and found had the specific surface area and c/a ratio 
of the resultaht sample were 8.1 m^/g. and 1.0061, 
respectiyely. infrared s^ectrbscopxc analyais was 
performed in a mariner similar to that of Ek^^le 1/ A^ a 

: result^: the sa|fnple was ^ound hot to isxhibit a steep 

35 absorption peak: in the vicinity of 3 , SOO^cm'^ attributed 
to. an interstitial hydroxyl group. The dielectric 
constant, at 25 °C was 2000. The, temperature 



characteristic thereof satisfied the X7R characteristic 
of EIA standard, a dielectric cerMiic, dieleetria film; 
capacitor and dielectric material obtained from the above 
barium titanate we^re excellent in their characteristics. 
Example 11: . 

The procedure of Example 1 was repeated, except that 
a commercially available anatase titanium dioxide sol 
(ST-02, product of Ishihara Sangyo Co., Ltd.) was 
employed in place of the brookite titanium dioxide sol 
synthesized in Example i, t<i thereby synthesize a baifl'uro 
titanate. The actual yield 6| the barium titanate was 
found to be 99.8% of the thepretical yield. The barium 
titanate was single crystal by TBM .analysis. The barium 
titanate . sample cry stalli 2 at '880 'C for, two hours was 
measured in a manne.f similatr to that" of Examplfe l, and 
found had the sp^ci^fid ^^iiti^ sLtk^: a^ ia/si rati<y of th^ 
resultaint sample 7,7 m^/g and 1.006^, resE^ctively . 
Infrared spectroscopic analysis was performed in a manner 
similar .to th^t Qf |;x^ As a result, the sample 

was found not to ^ixhibit a steep' absorptibn peak in the 
vipitiity of . 3,500 eft"* attiri-fcuted to an interstitial 
hydroxy t-giroup* the diei6Gti?ic constsiht at 25° c was 
2200. The t^per siture cha? aqter ist ie the.recxf satis f ied 
the X7R char-acteristic of ^ EIA standard i" >V dielectric 
ceramic, d-i^eiectric -.fllm, ca^^ aHd dtelectr-iq- - 

mater^ial- obtained from- the above -barium titanate were 
excellent in their ,c^^ 
fixffiiipii* 12 . ' 

A perovskite-type BaTiO, micro-part icle powder was 
produced in a manner similar to that of Example 1. The 
powder was crystal>J.ized at 300 °C for two hours. The 
specific surface area and c/a ratio of the product were 
measured in s mahnl* of Bxinipie- 1 , arid 

found to be 45 mVg and 1.0000, respectively, infrared 
spectroscopic analysis was performed in a manner similar 
to that of Example 1. As a result, the sample was found 
not to exhibit a steep absorption peak in the vicinity of 
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3,500 cm"^ attributed to an interstitial hydroxyl group. 
Comparative Example 1: - ^ — - 

An oxalic acid aqueous solution was heated to 80 ""c 
under stirring, and an aqueous solution of a mixtizre of 
BaCla and TiCl^ was added dropwise to the oxalic acid 
aqueous solution, to thereby yield barium titanyl 
oxalate. The thus -obtained sample was washed with water 
for reitioving chlorine therefrom, and subsequently the 
sample was thermally decomposed at 950**C, to thereby 
produce BaTiOj- The specific surface area and c/a ra^lo 
of the resultant BaTiO^ were measured in a manner similar 
to that €►£ Example 1>, and found to, iDe 4- iriVg and 1.0088, 
respectively. The carbonate group content of the sample 
wds m^asur^^^ use of an infrared sp^ctrpineter, and as a 
^^^^1* / Ithf^ parbQiiat^ g^up c<phteht was f ound to be 8 
ma^^^c af ^^ r to ba^ Siftce largfe 

amounts of carbonate groups (i.e., an impurity) are 
generated in the BaTiO^, the BaTiO, has a low 
t.etr^gpn^lity content. in addition, the sample was found 
to^ exhibit a ste^p absorption p^ak in the vicxhity of 
3 V cwr\ attribtited to interstitial hydr<i>xy 1 groups • 
Cohc^iva^ly diieleGtric char^^ of the BiaTi63 

serving as at diel^ctrig ^m^t^ 

dieO^e^^tric constant at ZS'^C was 2000. "the tern^ratuire 
gha^aeteristic thereof ^^y^ ^7R cha^ax:t0i^isti 

of -B^^ -standard. - 
Cdmpar^ive E3^^ 
^ ^ The .i>r pc>H^ 

Example 1 (667 g), bariiim hydroxide octahydrate (592 g) 
(Ba/Ti mol ratiot 1,5), and ion exchange water (1 L) were 
placed in a 3-L .autoclave, and the resultant mixture was 
subjected to hydrbthermal treatiftent under saturation 
vapor pressure at 15p°C; f5Jr osnS hipur.^ 

sample was washed with water for removing eicc^ss barium 
therefrpm, and the sample was crystallized at 800°C for 
two h9urs. The specific surface area and c/a ratio of 
the resultant sample wisre measured in a manner similar to 
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that of Example 1/ and found to be 6 . 9 mVg and 1.0033, 
respectively. The sample was evaluated by use of ^an 
infrared spectrometer^ and found to exhibit a steep 
absorption peak in the vicinity of 3,500 cm"^ 
cbrresporiding to hydrbxyl groups contained in the crystal 
lattice. Conceivably, when barium titanate is produced 
through a hydrothermal synthesis method, since a hydroxy! 
group enters a crystal lattice, the resultant barium 
titanate has a low tetragonality content. The dielectric 
constant at . 25/^0 was 1200. The temperature 
dharacteriistic thereof did not satisfy th^ x7r 
characteristic of EIA standard. This wa$ caused by a low 
crystalinity, by which ^gO, H02O3 and ^aSiOa were diffused 
into the inside of the barium titanate. 
Comparative i^^^ 

The procedure of kjcarople 1 was repeated, except that 
TMAH was not adcJed^ to thereby synthesize a barium 
titillate. In this case, the pH of the alkaline solution 
becam^ 10.2, a?he actual yield of the powder was found to 
be 86% of the theoretical yield. The results show that 
when -the pH of the alkaline solution is lowered, the 
barium titan^tfe yield decreases to a non-practical levels 
Comparative Exam 

The proiqed^^^^ 1 was repeated, except that 

KOE^ ^ifs mplpy^d^'Ln pir^e <>f TMAH, to their^ 
a B^rlxam yield Of thW barium 

titanate was fburm to 99.9% of the theoretibal yield, 
Thel barium titanate vas subjected to filtratioh, and the 
resultant sample was washed with water until the K 
content became 100 ppm. *he ssLmple was crystallized at 
800**C for two hou^- The specific surface area and c/a 
ratio of the tesultant sample were meisi;re4 in a manner 
simi,^f to thSt:^ p 1, arid^fpurid^ 

1. OP30, respect^ely;. The sample was ev^luatred by 'iis^ of 
an infrared spectrometer, and found to exhibit a steep 
absorption peak in the vicinity of 3,500 cm'^ attributed 
to hydroxyl groups contained in the crystal lattice. The 
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dielectric constant at 25°C was 900. The temperature 
characteristic thereof did not satisfy the XJ'R ■ - 
characteristic of ElA standard. This was caused by a low 
crystalinityy by which MgO, H02O3 and BaSiOa were diffused 
into the inside of the barium titanate. Furthermore ^ the 
Ba/Ti mol ratio was found to have decreased 0*007 from 
that before washing of the sample; i.e., Ba^ along with 

was eluted through washing of the sample. 
Comparative Example 5: 

The ^procedure of Example 1 was r^^eated, except "^hat 
a TMAh havihg -a carbonate; grbup conteiit of 1,000 ma^s ppm 
was employed in place of the TMAH having a carbonate 
group content of 60 ma^s ppm, to thiereby synthesize a 
barium titanate. The actual yield 0f the barium titanate 
Wks . f ourid t<> be 99 .4i #£ the th^^^ yield. Th0 

barliim titanate was cryi^tallized: a^ g8d**C for twp^htmrs. 
The specific surface area and c/a ratio of the resultant 
sample were measured in a raanhjer^ that at 

Example 1, ^and found: to be 8-^3 m^/g and 1.0058, 
respectivel>r-. "Phe dielectric constant at was 1400. 

The temp^rktut'^ charact^ thereof did not satisfy 

th^ X7R cllaracteariiBt staridaird. This was caused 

by a :low cry«:1^ Ho2©^ -and sasiiOi were 

dif fused irit^ the Iffside; of the barium titanate, 

-^r -Table -"l-- - ^ ' . • ; ^ " - ^ ■.. - 



■Fxri^jfig'" ■ 
t'^ro'priii'atut^^ 
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BET 
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diameter 
(MJii) J 
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(hm) 


c/a 


300 


42.0 


/. 0 . 024 


0.40102 


.0,40222 


1.0030 


500 . 


. 40.3 


' 0.025 


0 .40087 


0,40230' 


1. 0036 


600 


32vS 


0.031 


.0 ,40068 


0.40197 


1.0032 


700 


20.« 


_ 0.04 9 


0*40 03 7 


0.40170 


1. 0033 


80.0 


13.6 


.0.074 


,G .'39;9;86 : 


0.40225 


1.0060 


900.. 


;:...-_6>4;.., 


. vO , 15.7 




-0,* 4:0295 


1. 0088 


1000 


• -2.1 •'. 


■ 07^7 r 




0.>40286; 


1 . 0086 



Industrial Applicability 

The barium titanate which contains no hydroxyl 



groups or defects resulting from removal of hydroxyl 
groups . inside the particles^ thereof- has a small particle 
size and exhibits excellent electric characteristics such 
as a high dielectric constant. Small-scale electronic 
parts such as a multi-layer ceramic capacitor can be 
produced from a dielectric material such as a dielectric 
ceramic material obtained from the barium titanate. When 
such an electronic part is used in an electronic 
apparatus, the dimensions and the weight of the 
electrpnic apparatus can be reduced. ^'"^ 

Further, the barium titanate of the present 
invention or the slurry coraprising the barium titanate of 
the present invention can provide- a dielectric film which 
has excellent dielectric properties. 

The above dielectric fiim can be applied to a 
capacitor in or on a substrate, sifice its dielect^^^ 
properties are so excellent that a , thin film made ifrom 
the dielectric film can have excell^ht dielectric 
properties* when such a capacitor can be used in an 
el^ctrprii^ . equipment such as; a cell pfione or a. digital 
camera:.,, it is very useful in making the equipment 
miniciturfzed, lightened and to have a higher performance. 



CLAIMS 

1. A barium titanate, which -is single crystal in 
the tprm of particles, said particles comprising 
particles without a void having a diameter of 1 nm or 
more in an amount of 20% or more by number of the total 
particles. 

2. The barium titanate according to claim 1, 
wherein said particles comprises particles without a void 
having a diameter of 1 nm or more in an amount of 50% or 
more by number of the total particles . 

3. The barium titanate according to claim 1, 
wherein s^id particles comprises particles without a void 
having a diameter of 1 nm or more in an amount of ^0% or 
more by nuiiODfer pi the total particjes . 

4. the barium titahate acc©r.ding'^t^ ahy oiie of 
claims 1 to 3 , wherein the particles tikve ~ a BET sp^ 
surface area of d.l mVg or more, 

5. The barium titanate according tb any one of 
claiopas 1 to 4,^ wherein no abrupt peak is defect-ed at 
around 35 00 cm" -by infrared spectrum analysis of the 
particles after heat treatment thereof at 700 ^'C. 

6. The bairi^aih titanate aeccfrding to any one of 
^^^^^ 1 to 5>. G^^ri5dng at 1^^ 

froin the group consisting of sni Zr, C&, Sr, Pb, Ho, Nd^ 
Yr La, Ce , Mg;^ ^Bi;, . . Ni , Al Si, Zn,: b/ Nb, W> Mny Fer Cu/ 
and py-, -said - ai^ least one eieittent^^^^^ ah aiiiouht of 

l^as than 5 inclusive) on the ba;sis of the 

entirety of B^TiQa* : ' 

7. The barium titanate according to any oiie of 
claims 1 to 6-, which is in the form of ppwder, 

8. The barium titanate according to any one of 
claims 1 to 7, which is synthesized by wet process . 

9* -^ slurry Comprising the . 
according to ^ny one o^ clsiims l^o 8: 

10 • A J>aste comprising the barium titanate 
according to any one of claims 1 to 8. 

11: A dielectric material comprising barium 



- 33 - 



tit-anate according to any one of claims 1 to 8 . 

12* A ciielectric ceramic comprising bariuin t-itanate 
according to any one of claims 1 to 8. 

13 • A piezoelectric material comprising barium 
5 titanate according to any one of claims 1 to 8« 

14. A piezoelectric ceramic material comprising 
barium titanate according to any one of claims 1 to 8. 

15. A dielectric film material comprising barium 
titanate according to any one of claims 1 to 8, 

10 16 , A capacitor comprising . the d.ielectric matei*i"al 

according to diaim 11* 

17, A capacitor comprising th^ piezoelectric 
material according to claim i3* 

18' A cipaisitpr comprising the dielec.triG f ilm 
15 according to ci aim X5, 

19 ♦ Ah integ^ the 
dieiectric film according to claim 15. 

?p. A printed board comprising the dielectric film 
apqording to ciaim 15* 
20 :2i . An elei^trdnife e<|aipMe^^ the 

capadiltb'r accord£tig to - ahy ohe of c laims 16 to 1 9 . 
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ABSTRACT' 

A barium titanate,. which is single crystal in the 
form of particles, said particles comprising particles 
without a void having a diaaneter of 1 nm or more in an 
amount of 20% or more by number of the total particles. 
A dielectric material comprising the barium titanata as 
well as a capacitor comprising the dielectric material. 
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